Introduction
Of the two major obstructive airway diseases, neither COPD nor asthma is considered as single diseases, but heterogeneous and complex syndromes. 1 According to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) document, respiratory symptoms, exacerbations, and obstructive lung function impairment are evaluated when assessing severity of COPD. 2 GOLD recommends a post-bronchodilator (post-BD)
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sawalha et al fixed ratio, forced expiratory volume in 1 s (FEV 1 )/forced vital capacity (FVC) ,0.70, to define airway obstruction, whereas the lower limit of normal (LLN) nowadays is recommended in epidemiological studies. 3 Still, spirometric criteria in most current guidelines for treatment of COPD are based on the fixed ratio to define COPD and on FEV 1 percent of predicted to define severity.
However, in clinical practice, spirometry is an underutilized diagnostic method contributing to the well-known underdiagnosis of COPD. [4] [5] [6] Moreover, post-BD spirometry is not always performed, [7] [8] [9] and the use of merely pre-bronchodilator spirometry could misclassify nearly one-third of nonobstructive subjects as obstructive. [7] [8] [9] [10] In addition to this diagnostic dilemma, there is lack of knowledge about the importance of pre-respectively post-bronchodilation airflow limitation in relation to the clinical picture and prognosis of obstructive airway diseases. 11 Also, the presence of comorbid conditions is important when evaluating clinical characteristics in relation to prognosis. [12] [13] [14] [15] Comorbidities are common in COPD, and it has been estimated that 68% of subjects with COPD have cardiovascular disease, diabetes, or depression. 16 Furthermore, though it has been indicated that women are more susceptible to the harmful effects of tobacco smoke exposure, 15 there are few studies evaluating possible sex differences within this context.
The aim of this population-based study was to identify the extent of misclassification due to use of pre-BD spirometry in COPD diagnostics. Further, the study compared clinical characteristics and prognosis, assessed as mortality, of subjects with post-BD airway obstruction (COPD), prebut not post-BD airway obstruction, and subjects without airway obstruction.
Materials and methods study population
The study design and recruitment of study population have previously been described in detail. 17 Four adult populations-based cohorts within the epidemiological research program Obstructive Lung Disease in Northern Sweden (OLIN) were reexamined during 2002-2004; all subjects with (FEV 1 /FVC ,0.70) were identified (n=993), together with age-and sex-matched controls without obstructive lung function impairment. Since 2005, the study population (n=1,986) has been invited to annual examinations. Crosssectional data from baseline examinations in [2002] [2003] [2004] were used in this paper together with mortality data collected from the Swedish national mortality register from the date of examination at recruitment until December 31, 2014. The study was approved by the Regional Ethics Committee at Umeå University. All participants provided informed consent.
structured interview
A questionnaire including well-validated questions regarding respiratory symptoms and conditions was used. [18] [19] [20] In addition, data on age, height, weight, smoking habits, and comorbid conditions were collected.
Definitions
Age group: #60 and .60 years of age. Smoking habits were classified into the following groups: nonsmokers, ex-smokers (quit smoking since at least 1 year), current smokers, and ever smokers (current or ex-smoker). Smoking habits were missing in 22 subjects, and in these cases classified based on smoking habits at previous and past examinations. One pack-year: an equivalent to 20 cigarettes smoked every day for 1 year. Productive cough: cough and phlegm most days during at least 3 months during the last 12 months. Dyspnea was classified according to the modified Medical Research Council (mMRC) dyspnea scale (grades 1-4). 21, 22 Wheeze: have you at any time during the last 12 months had wheezing or whistling in your chest? Any respiratory symptoms: at least one of the symptoms -long-standing cough, productive cough, wheeze, or mMRC score $2. Allergic rhinitis: selfreported hay fever or allergic rhinoconjunctivitis. Asthma: physician diagnosis of asthma before the age of 40. Any exacerbation: contacted health care due to respiratory complaints during the last 12 months. Frequent exacerbations: two or more such events during the last 12 months. Heart disease: angina pectoris, previous coronary artery bypass surgery, previous percutaneous coronary intervention, myocardial infarction, or heart failure. Diabetes mellitus: have or have had diabetes mellitus. Anxiety/depression: have or have had anxiety and/or depression.
Spirometry and spirometric classification
Lung function testing was performed using the dry volume spirometer, Mijnhardt Vicatest 5, in accordance with American Thoracic Society guidelines. 23 Vital capacity (VC) was defined by using the best value of FVC and slow VC. All subjects with FEV 1 /VC ,0.70 or FEV 1 ,90% of predicted value performed post-BD spirometry after 4 doses of salbutamol 0.2 mg.
The following definitions were used. Non obstruction: pre-BD FEV 1 (pre-not post-BD obstruction) and post-BD airway obstruction (post-BD obstruction). Post-BD obstruction, FEV 1 /VC ,0.70, was based on the highest values of pre-or post-bronchodilation, that is, fulfilling the spirometric criteria for COPD and thus hereafter labeled COPD. The distribution of study population by spirometric definitions is shown in Figure 1 . The COPD group was further classified by severity of airflow limitation based on FEV 1 percent of predicted according to GOLD, into GOLD 1-4. 2 The Swedish OLIN reference values based on a nonsmoking respiratory healthy population were used. 24 
statistical analysis
The Statistical Package for Social Sciences software version 20 (IBM, New Castle, NY, USA) was used for statistical analyses. A P-value ,0.05 was considered statistically significant. The chi-square test was used for comparing proportions in bivariate analysis and trends and independent sample t-test for comparing means. Missing answers in individual questions were uncommon, ,0.5%. Due to few subjects having severe and very severe COPD, GOLD 3 and 4 were grouped together. Mortality was based on at least 10 years observation time from examination date at recruitment in 2002-2004 until December 31, 2014. Survival was illustrated by Kaplan-Meier curves for the groups nonobstructive, prenot post-BD obstructive, and COPD, and also when COPD was divided into GOLD grades. Risk factors for death were analyzed by multivariate Cox regression and expressed as hazard ratio (HR) using 95% confidence intervals (CIs) for statistical significance, covariates were spirometric groups (nonobstructive, pre-not post-BD obstructive, and COPD), age, sex, body mass index (BMI), and smoking habits. Analyses were also carried out in a model where COPD was divided into GOLD grades. Each of the variables heart disease, anxiety/depression, and diabetes mellitus was added to the model one by one in separate analyses, and finally also together. Sex-stratified analyses of risk factor for death were performed in corresponding models.
Results
Baseline characteristics of the study population
There were 993 subjects without airway obstruction, and 993 subjects with airway obstruction, whereof 26% (n=257) with pre-not post-BD obstruction and 74% (n=736) with post-bronchodilation airway obstruction (COPD) ( Figure 1 ). Subjects with COPD were distributed by GOLD grades 1, 2, and 3-4 as follows: 37.0% (n=272), 53.5% (n=394), and 9.5% (n=70). Any respiratory symptoms, allergic rhinitis, physician diagnosis of asthma before the age of 40, exacerbations, and comorbidities were equally common among subjects with COPD and pre-not post-BD obstruction, while productive cough and smoking were more common among subjects with COPD. Both among subjects with pre-not post-BD obstruction and COPD most respiratory conditions were more common than among nonobstructive subjects (Table 1) .
Corresponding analyses stratified by sex are shown in Table 2 . When comparing smoking habits and prevalence of respiratory conditions between COPD, pre-not post-BD obstructive, and nonobstructive patients, men and women had a similar pattern. Among women, there was no difference in prevalence of comorbid conditions between the groups, while among men, heart disease and anxiety/depression were more common among subjects with COPD compared with among nonobstructive, and anxiety/depression was also more common among pre-not post-BD obstruction than among nonobstructive subjects.
Men and women were compared within each of the groups; COPD, pre-not post-BD obstructive, and nonobstructive in Table 3 . Any respiratory symptoms, exacerbations, and physician diagnosis of asthma before the age of 40 were equally common among men and women in all groups. Smoking habits differed by sex; men had a higher proportion of ever smokers in all groups. Allergic rhinitis was more common among women with COPD and pre-not post-BD obstruction and mMRC $2 was more common among women in all groups. Heart disease and diabetes were more common 
Mortality among COPD, pre-not post-BD obstructive, and nonobstructive
In total, 603 subjects, 370 men and 233 women, had deceased during the follow-up time. Mortality was higher among subjects with COPD, 36.4%, compared with pre-not post-BD obstructive, 28.4%, but similar when comparing those with prenot post-BD obstruction and nonobstructive, 26.4% (Table 1) . A similar pattern was observed in the analyses stratified by sex (Table 2) , while men had higher mortality than women among COPD and nonobstructive subjects (Table 3) . Kaplan-Meier curves illustrate survival for the groups nonobstructive, pre-not post-BD obstructive, and COPD ( Figure 2A ) and also when COPD was divided into GOLD grades ( Figure 2B ).
risk for death; COPD and pre-BD obstructive compared with nonobstructive
In unadjusted analyses, subjects with COPD but not pre-not post-BD obstructive had increased risk for death, HR 1.48 (95% CI 1.24-1.75) when compared with nonobstructive subjects, likewise in men and women and those .60 years of age, while among subjects #60 years of age at recruitment, those with pre-not post-BD obstruction had an increased risk for death (Table 4) . When subjects with COPD were divided into GOLD grades, GOLD 2 and GOLD 3-4 had an increased risk for death with a similar pattern in men, women, and subjects .60 years of age, while among subjects #60 years only those with GOLD 3-4 had an increased risk for death (Table 4) .
When analyzed in a Cox regression model adjusting for age, sex, smoking habits, and BMI classes, the increased risk for death, HR (95% CI), associated with COPD remained, 1.24 (1.04-1.49), with a similar pattern among men, 1.27 (1.00-1.60), and women, 1.24 (0.92-1.13). In analyses stratified by age group, #60 and .60 years, the increased risk for death among subjects with pre-not post-BD airway obstruction aged #60 years disappeared.
The increased risk for death, HR (95% CI), associated with COPD persisted also after including comorbidities (heart disease, diabetes mellitus, and anxiety/depression) in the model; 1.23 (1.03-1.47) and the pattern was similar in men 1.23 (0.98-1.55) and women 1.24 (0.93-1.67). When dividing COPD by GOLD grades, GOLD 2 and GOLD 3-4 
Discussion
In this population-based study, physician diagnosis of asthma before the age of 40 years reported allergic rhinitis, any respiratory symptoms, exacerbations, and comorbidities were equally common among subjects with COPD and pre-not post-BD obstruction. However, mortality was higher among subjects with COPD than pre-not post-BD obstruction, and those with COPD, specifically GOLD 2 and GOLD 3-4, but not pre-not post-BD obstruction, had an increased risk for death when compared with nonobstructive subjects. The increased risk for death for GOLD stage 2 and higher persisted when adjusted for not only common confounders but also comorbidities. The widespread uses of merely pre-BD spirometry in clinical practice will thus not only contribute to misclassification of subjects with reversible airway obstruction as COPD but also interfere with prognostic evaluation.
Every fourth subject with airway obstruction was no longer obstructive after bronchodilation and classified as 
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airway obstruction and mortality pre-not post-BD obstructive, and this could not be explained by any significant difference in the presence of reported asthma or allergic rhinitis. The observed proportion with prenot post-BD obstruction is comparable to the 27% reported from a Norwegian population-based study 25 but ,39% reported from the PLATINO study. 26 According to current guidelines, post-BD spirometry is mandatory to confirm airway obstruction in COPD; 2 however, among subjects with recently diagnosed COPD, spirometry was found in only 32%-59% of the medical records and post-BD spirometry was far from always performed. 7, 9 There is an underutilization of spirometry in clinical practice, and when performed often merely pre-but not post-BD spirometry, which contributes to underdiagnosis as well as misclassification of COPD.
In the Lung Health Study, including a selected population of "healthy current smokers" with airway obstruction, both pre-and post-BD obstruction predicted mortality, 27 while in this population-based study COPD but not pre-not post-BD obstruction was associated with increased mortality. It has clearly been established that subjects with COPD have increased mortality, [28] [29] [30] and that disease severity, assessed as FEV 1 , is associated with increased mortality. 28, 31 Comorbidities, such as cardiovascular disease, diabetes, and anxiety/ depression, are common in COPD; 32 at least 68% suffer from any of these comorbidities, 16 and comorbidities may also contribute to increased mortality.
14 Also in the present study, the risk for death increased by disease severity; GOLD grade 2 and higher had an increased risk for death not only independent of age, sex, and smoking habits, but moreover, independent also of comorbidities such as heart disease, diabetes, and anxiety/depression; GOLD 2 had 25% increased risk for death, and in GOLD 3-4 the risk was more than doubled when compared to nonobstructive subjects. However, there was a discrepant pattern among subjects aged #60 years, with an increased risk for death among those with pre-not post-BD airway obstruction, but not COPD, which has previously not been described. One explanation may be that the cause of death among people aged .60 and ,60 years differs, and airway disease itself may not be the cause of death in pre-not post-BD obstructive but rather in severe COPD.
The clinical presentation of subjects with COPD and pre-not post-BD airway obstruction was rather similar with respect to reported respiratory symptoms, allergic rhinitis, and physician diagnosis of asthma even though productive cough as well as dyspnea (mMRC $2) were more common among subjects with COPD. Misclassification due to the reported common use of merely pre-BD spirometry 7, 9 contributes to incorrect diagnostics of obstructive airway diseases. Clinical presentation is not sufficient to identify COPD in the population and the results highlight the need for the implementation of post-BD spirometry in clinical practice. A correct diagnosis is indeed important for the patient and also the basis for medication according to guidelines, 2 and furthermore important when evaluating prognosis.
Sex is most often evaluated as a risk factor in obstructive airway disease, even though sex-stratified analyses are required to evaluate possible different risk factor patterns between sexes. 33 It has been indicated that women are more vulnerable to tobacco smoke exposure and could develop more severe COPD than men. 15 According to the Swedish National Board of Health and Welfare cause of death statistics, the number of deaths due to COPD has been gradually increasing among women during the last 15 years, actually now exceeding that of men, in which it has leveled off and been on the same level during the last 10 years. 34 Even though men had higher mortality than women in the groups COPD and nonobstructive in this Table 4 Unadjusted analyses of risk for death, expressed as hr (95% CI), among subjects with pre-not post-BD obstructive and COPD, also divided into gOlD stages, in comparison with nonobstructive, a in the total study population, also stratified by age group and sex 
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sawalha et al study, analyses stratified for sex revealed a similar pattern in both sexes, indicating an increased risk for death among both men and women with COPD independent of common confounders as well as comorbidities when compared with nonobstructive subjects.
This population-based study includes a large, wellcharacterized cohort of subjects with airway obstruction, with a distribution by GOLD stage among those fulfilling the spirometric criteria for COPD corresponding well to findings of other population-based studies. 4 The statistical power was large enough to demonstrate an increased mortality already among subjects with moderate COPD, GOLD 2. Furthermore, the questionnaire is well validated and spirometry was performed according to guidelines. However, the study was designed around the shift of the millennium, just after the launch of the GOLD guidelines, recommending the use of a post-BD fixed ratio, FEV 1 /FVC ,0.70, to define airway obstruction in COPD and the fixed ratio may contribute to an overdiagnosis of COPD among the elderly. 35 LLN is considered more physiological to define airway obstruction, and post-BD LLN is nowadays recommended to define COPD in epidemiological studies. 3 By using LLN, the prevalence of COPD will be reduced compared to using the fixed ratio in population-based studies. 36 In contrast, most current treatment guidelines are still based on the fixed ratio; why it remains important to evaluate also the fixed ratio definition of airway obstruction in population-based studies, even though the age dependence of the fixed ratio is important when interpreting the results. Another limitation of the current study is that asthma diagnosis as well as comorbidities was self-reported and not confirmed by medical records.
Conclusion
In this population-based study, clinical presentation could not clearly differentiate subjects with pre-not post-BD airway obstruction and COPD, but every fourth subject would be misclassified as obstructive if merely pre-BD spirometry was performed. Despite similar clinical characteristics and the burden of comorbidities among those with pre-not post-BD airway obstruction and COPD, only those with COPD had an increased risk for death, specifically in GOLD stage 2 and higher when compared to nonobstructive subjects, and the pattern was similar in both sexes. The results highlight the need for the implementation of post-BD spirometry in clinical practice to avoid misclassification of COPD; a correct diagnosis is not only the basis for treatment but also of prognostic importance.
